Background: The high coincidence of organic vestibular and somatoform vertigo syndromes has appeared to support pathogenic models showing a strong linkage between them. It was hypothesised that a persisting vestibular dysfunction causes the development of anxiety disorders. Objective: To determine the relation between vestibular deficits and somatoform vertigo disorders in an interdisciplinary prospective study. Methods: Participants were divided into eight diagnostic groups: healthy volunteers (n = 26) and patients with benign paroxysmal positioning vertigo (BPPV, n = 11), vestibular neuritis (n = 11), Menière's disease (n = 7), vestibular migraine (n = 15), anxiety (n = 23), depression (n = 12), or somatoform disorders (n = 22). Neuro-otological diagnostic procedures included electro-oculography with rotatory and caloric testing, orthoptic examination with measurements of subjective visual vertical (SVV) and ocular torsion, and a neurological examination. Psychosomatic diagnostic procedures comprised interviews and psychometric instruments. Results: Patients with BPPV (35.3%) and with vestibular neuritis (52.2%) had pathological test values on caloric irrigation (p,0.001). Otolith dysfunction with pathological tilts of SVV and ocular torsion was found only in patients with vestibular neuritis (p,0.001). Patients with Menière's disease, vestibular migraine, and psychiatric disorders showed normal parameters for vestibular testing but pathological values for psychometric measures. There was no correlation between pathological neurological and pathological psychometric parameters. Conclusions: High anxiety scores are not a result of vestibular deficits or dysfunction. Patients with Menière's disease and vestibular migraine but not vestibular deficits showed the highest psychiatric comorbidity. Thus the course of vertigo syndromes and the possibility of a pre-existing psychopathological personality should be considered pathogenic factors in any linkage between organic and psychometric vertigo syndromes.
Background: The high coincidence of organic vestibular and somatoform vertigo syndromes has appeared to support pathogenic models showing a strong linkage between them. It was hypothesised that a persisting vestibular dysfunction causes the development of anxiety disorders. Objective: To determine the relation between vestibular deficits and somatoform vertigo disorders in an interdisciplinary prospective study. Methods: Participants were divided into eight diagnostic groups: healthy volunteers (n = 26) and patients with benign paroxysmal positioning vertigo (BPPV, n = 11), vestibular neuritis (n = 11), Menière's disease (n = 7), vestibular migraine (n = 15), anxiety (n = 23), depression (n = 12), or somatoform disorders (n = 22). Neuro-otological diagnostic procedures included electro-oculography with rotatory and caloric testing, orthoptic examination with measurements of subjective visual vertical (SVV) and ocular torsion, and a neurological examination. Psychosomatic diagnostic procedures comprised interviews and psychometric instruments. Results: Patients with BPPV (35.3%) and with vestibular neuritis (52.2%) had pathological test values on caloric irrigation (p,0.001). Otolith dysfunction with pathological tilts of SVV and ocular torsion was found only in patients with vestibular neuritis (p,0.001). Patients with Menière's disease, vestibular migraine, and psychiatric disorders showed normal parameters for vestibular testing but pathological values for psychometric measures. There was no correlation between pathological neurological and pathological psychometric parameters. Conclusions: High anxiety scores are not a result of vestibular deficits or dysfunction. Patients with Menière's disease and vestibular migraine but not vestibular deficits showed the highest psychiatric comorbidity. Thus the course of vertigo syndromes and the possibility of a pre-existing psychopathological personality should be considered pathogenic factors in any linkage between organic and psychometric vertigo syndromes. N early half the patients presenting at specialised units for dizziness or otoneurological disorders have psychiatric symptoms. [1] [2] [3] [4] [5] These disorders are highly significant in patients with the key symptoms of dizziness, complex forms of tinnitus, or sudden and relapsing hearing loss. Sixty per cent of patients with ''persisting vestibular symptoms'' had persisting anxiety symptoms. In contrast to these reports, Stein and co-workers found no association between the diagnosis of vestibular disorders and symptoms of anxiety in a dizziness clinic population; however, not all of their patients underwent vestibular testing. 5 ''Vestibular dysfunction'' has been thought to trigger or cause anxiety syndromes owing to dysfunctional neuronal circuitry in areas such as the hippocampus, amygdala, and infralimbic cortex. The vestibular system and the neural circuitry involved in anxiety have the following links in common: the monoaminergic inputs to the vestibular system mediate effects of anxiety on vestibular function; the parabrachial nucleus network mediates emotional responses related to disordered vestibular function; and the widely distributed noradrenergic outflow from the locus coeruleus mediates the responsiveness of these symptoms to novel stimuli. 6 Vestibular and visceral information, as well as somatic nociceptive inputs, converge in the parabrachial nucleus, which has reciprocal connections to the central nucleus of the amygdala and the infralimbic cortex and is under the control of higher cortical cognitive regions. Furthermore, close connections between the vestibular system and autonomic functions and respiration were described in animal studies and more recently also in humans. [7] [8] [9] A linkage of the vestibular system and anxiety disorders was only recently hypothesised in rats. 10 The findings in humans show that a bilateral vestibular lesion has a significant effect on the hippocampus. 11 Indeed, rats also showed behavioural abnormalities six months after bilateral vestibular damage. 10 As such damage may be related to disturbances in the emotional and cognitive processing centre of the hippocampus, it was hypothesised that anxiety and other emotional changes are direct consequences of a vestibular lesion in the hippocampus.
On the other hand, a strong comorbidity between psychiatric disorders and vestibular dysfunction, especially for anxiety disorders, has been reported. 4 5 12 13 Vestibular abnormalities have often been reported in patients with psychiatric disorders. The results of vestibular tests used to measure these abnormalities, such as caloric irrigation and dynamic posturography, have often been interpreted as indicating significant impairment in patients with anxiety symptoms-for example, a surface dependence during balance control in patients with panic disorders with agoraphobia. 14 It is an open question, however, whether such abnormalities are of pathological relevance, represent an earlier transient dysfunction that can be compensated, or signal a change in normal postural control strategies. The latter explanation has been supported by a series of studies Abbreviations: BPPV, benign paroxysmal positioning vertigo; DSM-IV, Diagnostic and Statistical Manual of Mental Disorders, fourth edition; EOG, electro-oculography; HADS, hospital anxiety and depression scale; OT, ocular torsion; SCID, structural clinical interview for DSM-IV axis I disorders; SOMS, screening for somatoform disorders score; SVV, subjective visual vertical; VHQ, vertigo handicap questionnaire; VSS, vertigo symptom scale analysing the parameters of body sway in patients with somatoform phobic postural vertigo. These studies showed an increased body sway during easy balance conditions. The patients constantly monitored their balance and produced a ''stiffening up'' strategy by coactivating antigravity muscles, a strategy similar to that of healthy subjects when performing demanding balance tasks. [15] [16] [17] [18] This raises the question of whether vestibular organic disorders with pathological clinical relevance or vestibular dysfunctions without clinical relevance really underlie psychiatric disorders.
We designed a study to determine, first, whether vestibular disorders can induce psychiatric disorders; second, whether there is a correlation between abnormal vestibular and psychometric test values suggesting that vestibular pathologies are able to induce psychological pathologies 3 ; or third, whether it is coincidence that vestibular disorders are often associated with psychiatric disorders.
METHODS
In a prospective interdisciplinary study, 127 patients with different vertigo syndromes and healthy subjects were included consecutively. Demographic data are shown in table 1. After giving their informed written consent, the patients were examined in the departments of neurology and psychosomatic medicine and psychotherapy. The study was approved by the local ethics committee.
Subjects were divided into three groups: N a group of healthy controls.
Healthy subjects were recruited from our hospital staff and by public announcements. Patients were recruited from our outpatient clinic and from the wards. Those with Menière's disease, BPPV, or vestibular migraine were enrolled in the study if the episode leading to the diagnosis had occurred within the past six months. Patients with vestibular neuritis were enrolled within the first seven days after disease onset.
BPPV was diagnosed by the typical complaints and a positive Dix-Hallpike head positioning test. Patients with complaints of positioning vertigo but with a negative DixHallpike head positioning test were not included. Vestibular neuritis was diagnosed by the typical history (rotating vertigo, nausea, oscillopsia, gait imbalance) and neurological findings (spontaneous nystagmus, ipsilateral body tilts, pathological head impulse test; number of signs of a central disorder); the clinical diagnosis was confirmed by neuro-otological findings (ipsilateral ocular torsion, tilts of the subjective visual vertical (SVV), ipsilateral caloric hyporesponsiveness). Menière's disease was diagnosed according to the diagnostic criteria of the American Academy of Ophthalmology and Otolaryngology. 19 Vestibular migraine was diagnosed in patients with episodic vestibular symptoms, if they had a positive history or positive family history of migraine, if migrainous symptoms had occurred during at least two attacks of vertigo, if migraine precipitants had occurred before vertigo, or if there was a positive response to migraine medications.
Exclusion criteria were acute or chronic central vestibular and central ocular motor disorders, regular intake of drugs affecting the CNS, ongoing psychotherapy, an acute psychotic disorder, an acute disease of the CNS, or an acute malignancy.
Neurological and neuro-otological examinations
All participants underwent detailed diagnostic procedures consisting of neurological and neuro-otological examinations including positioning manoeuvres, stepping test, head impulse test, examination with Frenzel's glasses, and head shaking test. Fundus photographs to detect tonic vestibular disorders, adjustments of SVV to measure otolith dysfunction, and binocular electro-oculography (EOG), including rotatory and caloric testing to measure semicircular canal dysfunction, were carried out. The following variables were chosen for further statistical analysis: side differences in caloric testing, binocular tilts of SVV, and measurements of binocular torsion. The other variables were within normal range for all subgroups. All patients completed the full battery of neurological and neuro-otological tests to confirm the clinical diagnosis made by the neurologist/psychiatrist.
Electro-oculography
Complete testing included spontaneous nystagmus, fixation straight ahead, and gaze evoked nystagmus up to ¡40˚of lateral gaze.
Voluntary saccades
Mean peak velocities were evaluated from six saccades. Hypometric (undershooting) saccades were considered abnormal, as constant dysmetria exceeding at least 20% of the amplitude; the lower limit for saccadic mean velocity was 300˚/s.
Optokinetic nystagmus
An alternating black and white stripe pattern was moved across the screen. The gain was evaluated from 10 responses and was considered within normal range between a gain of 0.7 and 1.0.
Smooth pursuit
The stimulus was a sinusoidally moving laser spot. Impairment was manifested as an interruption by saccades.
Rotatory testing
Subjects were seated on a rotatory chair with eyes closed. The chair was accelerated, kept constant for 90 seconds, and then stopped. Per-rotatory and post-rotatory nystagmus were determined by slow phase velocity, duration, and gain.
Caloric irrigation
Vestibular paresis/dysfunction on caloric irrigation according to Honrubia was defined as an asymmetry of more than 25% between right sided and left sided responses. 20 Asymmetry was calculated by the formula of Jongkees from the slow phase velocity of response nystagmus: {[(R30˚+R44˚) 2 (L30˚+L44˚)]/ [R30˚+R44˚+L30˚+L44˚]} 6 100, expressed as a percentage. Spontaneous nystagmus that could not be suppressed by fixation was classified as pathological (above 5˚/s).
Subjective visual vertical
SVV was measured to determine acute otolith dysfunction. 21 Subjects sat in an upright position looking into a hemispheric dome, rotating about the line of sight. The surface of the dome was covered with a random pattern of coloured dots containing no cues to gravitational orientation. Subjects had to adjust the target disk to the vertical. Static SVV was determined by means of seven adjustments from a random offset position with the hemispherical dome stationary. 21 Under these conditions, the normal range (¡2 SD) of the SVV is ¡2.5˚. 22 23 The static SVV was determined both binocularly and monocularly. 21 
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Ocular torsion
Fundus photographs for measurements of tonic ocular torsion as a sign of otolith dysfunction were made using a scanning laser ophthalmoscope. Ocular torsion, in degrees, was defined as the mean of four to six fundus photographs. The position of the eye in the roll plane was determined as the angle between a straight line through papilla and macula and the horizontal line. With this method, the normal eye position for both eyes is an excyclotropia of around 5˚(for details see Dieterich and Brandt 21 and Curthoys et al 27 ). A difference of more than 8b etween the degree of torsion of both eyes was defined as pathological.
Psychometric examination
Besides clinical psychosomatic diagnostic procedures (one to three clinical interviews), the following psychometric instruments were used: 
Vertigo symptom scale
The VSS assesses symptoms of balance system dysfunction (for example, dizziness, vertigo, postural instability, and falling) and symptoms of somatic anxiety and autonomic arousal (diverse pains and somatic sensations, sweating, pounding heart, breathing difficulties, and fainting). 28 
Vertigo handicap questionnaire
The VHQ comprises 25 statements about the handicapping consequences of vertigo, ranging from difficulty to perform various physical activities to interference with social relations and leisure pursuits.
Hospital anxiety and depression scale
The HADS is a self rating questionnaire used to measure anxiety and depression. The HADS, given in the German version, is a reliable and validated psychometric instrument which has also been used in a controlled trial in a vertigo population. 29 Thus values over 10 for anxiety and over 8 for depression correspond to a significant distress increase.
Screening for somatoform disorders
The SOMS is a screening instrument for somatoform disorders and somatisation tendencies, which records symptoms of somatisation and criteria for the diagnosis of a somatoform disorder according to DSM-IV and ICD-10.
SCID
The structural clinical interview for DSM-IV axis I disorders (SCID-I) in its German version has been used since 1997 for patients with psychiatric disorders. 30 Based on the DSM-IV criteria, it includes the main psychiatric syndromes and disorders including depression, anxiety disorders, psychoticism, and somatoform disorders.
Statistical analysis
Analysis of differences started with a single factor multivariate analysis of variance (MANCOVA) that also generated univariate analysis of variance (ANOVA) followed by pairwise post hoc tests (LSD). Age was introduced as a covariate. Dependent variables were six psychometric (VHQ, VSS-Severity, VSSAnxiety, HADS-Anxiety and Depression, SOMS) and three neurological variables (side difference of caloric testing, tilts of SVV, binocular torsion). Pearson correlations between neurological and psychometric variables were tested against a correlation of 0. All computations were carried out using SPSS for Windows version 12. Alpha error was set to 5%.
RESULTS
In all, 127 subjects with complete datasets were included in the analysis (table 1) .
Three of the BPPV patients had a history of vestibular neuritis at least six months before the study and were included in the BPPV subgroup. All patients diagnosed as having vestibular neuritis showed spontaneous nystagmus during the first clinical examination, pathological headimpulse test, and ipsilateral body tilt. Only eight of these patients had significant unilateral caloric hypo/unresponsiveness. The other three had hyporesponsiveness of 17%-21%, which was close but below the criteria of at least 25% side difference. As they had the typical history, ipsilateral SVV tilts, and ocular torsion, they were included in the subgroup of vestibular neuritis. None of the patients had signs or symptoms of more than one acute vestibular disorder. Of the vestibular migraine patients, four of 15 (27%) presented with minor and isolated central ocular motor signs (upward gaze evoked nystagmus (n = 1), dissociated pendular nystagmus (n = 1), and saccadic smooth pursuit (n = 2)). Four other patients had significant strabismus, which prevented an unambiguous classification. As all other examinations were within the normal range, we did not interpret these findings as pathological.
The mean age of the healthy controls was 33, a younger age than the mean age of the patient subgroups (table 1) . Age was therefore entered as a covariate in the multivariate analysis; thus the influence of age on analysis variables was subtracted before the analyses were undertaken.
Multivariate tests showed significant differences between the eight subgroups (F = 6.02, df = 140; 742, p,0.001) (table 2) .
Post hoc pairwise test results are given in table 3. Pathological results were detected with EOG and caloric testing only for the patients with vestibular neuritis and BPPV ( fig 1A) . Differences between the patients with BPPV and vestibular neuritis compared with the other groups were significant (F = 5.592, df = 7; 119, p,0.001). Of all patients with BPPV three had a history of previous vestibular neuritis, which explained the pathological findings for the side difference detected by caloric testing. All three patients showed unilateral caloric unresponsiveness. Values within the normal range were found for all other subgroups.
Measurements of ocular torsion and tilts of SVV also showed pathological results for the patients with vestibular neuritis (fig 1, panels B and C) ; values were within the normal range for all other subgroups. Differences were also significant (F = 5.411, df = 7;119, p,0.001; F = 12.044, df = 7;119, p,0.001). The greatest amount of anxiety, measured by the VSS, was found in the subgroups of patients with anxiety and depressive disorders. Interestingly, high anxiety values were also seen in patients with vestibular migraine and Menière's disease (fig 2A) . Patients with somatoform and anxiety disorders had the greatest severity of vertigo symptoms according to the VSS. This was also true for patients with vestibular migraine and Menière's disease ( fig 2B) . According to the vertigo handicap questionnaire, patients with vestibular migraine and Menière's disease and all somatoform vertigo subgroups had the highest vertigo induced handicap ( fig 2C) .
The HADS-A showed the highest values for anxiety in patients with somatoform and depressive disorders and in patients with Menière's disease (fig 2D) . Patients with somatoform and depressive disorders and also patients with Menière's disease ( fig 2E) had the highest values for depression according to the HADS-D. Highest values for somatisation according to the SOMS were found in patients with Menière's disease, vestibular migraine, and anxiety disorders ( fig 2F) . There was no correlation between the parameters of the vestibular and the psychometric tests (table 4) .
DISCUSSION
Analysis of neuro-otological variables showed that only patients with vestibular neuritis and BPPV had pathological values on vestibular testing. Patients with vestibular neuritis had signs of an acute vestibular lesion with otolith deficits (tilt of SVV and ocular torsion) and semicircular canal deficits (unilateral caloric hypo/unresponsiveness). Patients with BPPV showed only an asymmetry of caloric testingthat is, unresponsiveness following vestibular neuritis (in three patients) but no signs of acute vestibular dysfunction. Such a pattern in BPPV indicates an earlier vestibular deficit, which was centrally compensated and is therefore not of clinical relevance for the current vertigo syndrome. Vestibular testing of all other subgroups yielded values within the normal range (fig 1) .
The distribution of age and sex was similar to that of other studies and reflects our clinical experience. [31] [32] [33] [34] Thus the patient selection in our study represents the normal distribution of epidemiological data for these disease entities.
Psychometric testing revealed that not only patients with somatoform disorders but also those with organic vestibular vertigo syndromes had pathological values. In particular the subgroups of patients with Menière's disease and vestibular migraine were found to have high values for anxiety and depression. These interesting results will be discussed elsewhere in more detail (Eckhardt-Henn A, in preparation). A coexistence of pathological findings in psychometric scores and vestibular diseases was described earlier. 1-3 13 14 28 Interestingly, those of our patients with vestibular disorders who had persistent vestibular deficits-for example, pathological side differences in caloric testing-did not show the highest values in psychometric scores, but instead patients with overall normal values in neurological and neurootological testing (vestibular migraine and Menière's disease). Thus, in contrast to earlier studies, we found no correlation between an acute or chronic vestibular dysfunction and pathology on psychometric testing. Our results do not support the hypothesis that latent vestibular dysfunction or imbalance triggers anxiety disorders, above all agoraphobia.
Answering the question of whether this coexistence is only coincidental, our results suggested that special vestibular syndromes-for example, vestibular migraine and Menière's disease-may function as a trigger for a secondary somatoform disorder, but not vestibular disorders in general and especially not a subtle vestibular tone imbalance. To answer this question in more detail, further data on these patients need to be evaluated in a longitudinal study. However, our data represent the first evaluation of a longitudinal study with four controls over a time interval of one year.
Therefore, the question to be addressed is whether or not the development of psychosomatic pathology depends on the patient's ability to control relapses of a disorder. Patients with BPPV often learn to control their vertigo attacks by avoiding rapid head movements. This could explain the ''normal'' psychometric findings in these patients, and moreover, the pathological findings in patients with vestibular migraine and Menière's disease, as those disorders typically cannot be controlled by the patients. Alternatively, the different pathophysiological mechanisms of BPPV, and of Menière's disease or vestibular migraine, may explain these different findings. During BPPV attacks, symptoms related to a mechanical problem occur, and their treatment is purely mechanical (through positioning manoeuvres). In contrast, changes in neurotransmitters are involved in Menière's disease and vestibular migraine, and symptom relief is always obtained by manipulation of these neurotransmitters. As similar neurotransmitters are also involved in the processing of anxiety and depression, a close connection between these systems is likely. [6] [7] [8] Patients with somatoform vertigo syndromes in our study showed more handicap (VHQ) and higher symptom severity and anxiety (VSS) because of dizziness than patients with BPPV and vestibular neuritis; and patients with BPPV and vestibular neuritis showed more distress than the healthy controls. No correlation was found between psychometric testing and an organic deficit in vestibular testing (table 4) .
In conclusion, our results do not provide any evidence that higher anxiety scores are a result of vestibular deficits or vestibular dysfunction, as discussed in earlier studies. 2 3 13 35 Some investigators believed that ''non-syndromal vestibular disorders'' may cause a particular vulnerability for specific phobic disorders and in doing so maintain the associated avoidance behaviour. 34 36 Other research groups argued, in contrast, that these were non-specific findings in part based on individual outcomes and interpretations. 16 17 37-40 Our findings agree with the latter arguments. For example, it could be shown that posturographic abnormalities in patients with somatoform phobic vertigo were caused by a change of strategy of stance owing to a previously present underlying anxiety. 15-17 39 These discrepancies in the interpretation of vestibular parameters, for example EOG measurements, require explanation. One reason might be the different interpretation of single vestibular parameters outside the context of others. 35 Diagnosis of a vestibular disease cannot be made on the side differences in caloric irrigation alone, a direction preponderance for caloric or rotatory testing alone, isolated spontaneous nystagmus, or abnormalities in posturography. Moreover, it should be kept in mind that approximately 20% of normal subjects have a low velocity spontaneous nystagmus measured with the eyes closed, considered as pathological only if its slow phase velocity amounts to more than 5-6˚/s. 41 42 Such vestibular signs should be considered relevant only if a caloric hyporesponsiveness is combined with a corresponding pathological spontaneous and gaze evoked nystagmus. The occurrence of a caloric hyporesponsiveness alone discloses an older vestibular deficit that in the meantime has been centrally compensated and is therefore not clinically relevant. We considered both aspects: acute vestibular lesions (in vestibular neuritis) and chronic vestibular signs (in BPPV). Vestibular parameters did not correlate with psychometric test parameters. We therefore cannot support the hypothesis that subtle vestibular tone imbalances have a triggering function in the development of somatoform disorders.
Our finding that patients with vertigo syndromes but without abnormalities in vestibular testing can have pathological values in psychometric test parameters agreed with findings of several studies. 5 43 44 In the study by Stein and coworkers, who examined 142 patients in part by neurootological and psychometric examinations, anxiety disorders occurred with a similar frequency in patients with and without a vestibular disease. 5 However, the study had a few limitations. First, only patients with positive self reported questionnaire results were selected for a diagnostic interview. Second, not all patients underwent neuro-otological investigations, which did not include otolith testing (SVV and ocular torsion). Third, the differentiation of vestibular disorders was in part based on an incomplete neurootological examination. Reactive and comorbid psychiatric disorders are known to emerge as a result of organic dizziness such as vestibular neuritis or BPPV. 32 Medical experts may overlook these disorders, instead attributing symptoms to residual states following an organic lesion and thus delaying the correct diagnosis. This false conclusion is usually made on the basis of minimal neuro-otological findings, as discussed above. If the organic disorder remains undetected, it can lead to psychological reactions such as anxiety, phobic fears, avoidance, and depressive symptoms. 32 45 46 A false interpretation of irrelevant vestibular signs may elicit a iatrogenic fixation on an organic origin of the disorder and cause a secondary phobic reaction. This phobic reaction has to be differentiated from a typical reactive phobic disorder-for example, after an acute attack of vestibular neuritis. For these reasons, an interdisciplinary, differentiated diagnostic procedure and an early prophylactic intervention are recommended.
